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a b s t r a c t
Background: Early repolarization (ER) is associated with increased risk of sudden cardiac death and
ventricular ﬁbrillation (VF) in patients with/without structural heart disease. In this trial we examined
the short- and long-term prognostic value of ER on admission electrocardiogram (ECG) in patients with
ST-elevation myocardial infarction (STEMI) treated with primary percutaneous coronary intervention
(PCI).
Method: Consecutive 521 patients with acute STEMI who underwent primary PCI were enrolled prospec-
tively. Twelve-leadECGsobtainedduring the initial diagnosiswere scannedand storeddigitally. The leads
showing the typical ST segment elevation due to the acute infarction were excluded and the remaining
ECG leads were included in the analysis for the presence of ER.
Results: The study group included 61 STEMI patients (55 male; mean age 57.6±12.6 years) with ER and
460 STEMI patients (378 male; mean age 57.1±12.5 years) without ER on ECG. In the ER group, 14
patients (22.9%) had notching, 10 patients (16.4%) had slurring, and 37 patients (60.7%) had only J-point
elevation. When analyzing regional leads, ER was observed mostly in inferior leads (n=40, 65.6%). During
the hospitalization period, ventricular tachycardia or VF occurred more frequently in the ER group (19.6%
vs. 10.9%; p=0.04) and 6 patients (6.9%) from the ER group and 14 patients (3%) from the control group
died (p=0.01). During a follow-up period of 21.1±10.2 months, mortality was signiﬁcantly higher in
the ER group (12.7% vs. 4.2%; p=0.01). When total mortality rates were considered, highest mortality
was observed in patients with notching pattern (5/14 subjects; 35.7%) when compared to patients with
slurring (3/10 subjects; 30%), patients with only J-point elevation patterns (5/37subjects; 13.5%) and the
control group (33/460 subjects; 7.1%). Presence of notching and slurring pattern on admission ECG was
found as independent predictors of long-term mortality; whereas presence of only J-point elevation was
not.
Conclusion: Presence of ER pattern in admission ECG in patients with STEMI is associated with both
in-hospital and long-term mortality.
4 Jap© 201
ntroductionEarly repolarization (ER) which is characterized by an elevation
f the junction between the end of the QRS complex and the begin-
ing of the ST segment (J point) from baseline on standard 12-lead
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electrocardiography (ECG) has been considered a benign ﬁnding
for a long time. However, population-based studies established the
correlation of this relatively common ECG ﬁnding with primary
ventricular ﬁbrillation (VF) and sudden cardiac death (SCD) even in
subjects without prior diagnosis of structural heart diseases [1–7].
Little is known about the prognostic signiﬁcance of this electro-
cardiographic pattern in patients with structural heart disease.
In chronic coronary artery disease (CAD), it has been observed
that patients exhibiting ER pattern on ECG have an increased risk
of ventricular tachyarrhythmias [8]. Acute ST segment elevation
myocardial infarction (STEMI) is associated with high incidence of
vier Ltd. All rights reserved.
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entricular arrhythmias and it has been the most frequent cause
f sudden cardiac death in the adult population [9]. However,
he prognostic importance of ER in acute myocardial infarction
s conﬁned to a few case–control studies with limited number of
atients and short-term follow up [10–13]. The correlation of ER
iagnosed on admission ECG in patients with STEMI treated with
rimary percutaneous coronary intervention (PCI) and long-term
dverse cardiovascular events has not been established in the lit-
rature before. In this trial, we examined the short- and long-term
rognostic value of this ECG ﬁnding in this patient population.
aterials and methods
atient population
Our study was conducted between January 2009 and February
012 in Siyami Ersek Thoracic and Cardiovascular Surgery Hos-
ital, a tertiary reference center. We prospectively enrolled 521
onsecutive patients with acute STEMI who underwent primary
CI. Patients with diagnosis of non-STEMI, with prior diagnosis of
AD, heart failure (including arrhythmogenic right ventricular dys-
lasia), any type of channelopathies associated with arrhythmias
such as Brugada syndrome), chronic liver/kidney disease, chronic
nﬂammatory disease, malignancy, or endocrine disease (exclud-
ng diabetes mellitus) were excluded from the study. In addition,
atients with atrial ﬁbrillation or ﬂutter, paced rhythms, ventri-
ular pre-excitation, intraventricular conduction disturbances, or
athological Q-waves were also excluded from further analysis.
nformed consent of patients was obtained before the study. The
tudy was authorized by the institutional ethics committee.
ata sources
Demographic data and clinical history concerning age, sex, dia-
etes mellitus, hyperlipidemia, smoking, family history of CAD or
udden cardiac death, and previous drug use were obtained from
ll patients. Twelve-lead ECGs were obtained from all patients
fter the ﬁrst medical contact for diagnosis of MI. Detailed phys-
cal examination was performed and any ﬁndings associated with
eart failure were recorded. Hypertension was deﬁned as a history
f hypertension for more than 1 year, which required the initiation
f antihypertensive therapy. The diagnosis of diabetesmellituswas
ig. 1. ECG of a patient with anterior ST segment myocardial infarction showing early
egments (arrows).iology 64 (2014) 164–170 165
based onprevious history of diabetesmellitus treatedwith orwith-
out drug therapies. Individuals who reported smoking at least one
cigarette per day during the year before examination were classi-
ﬁedas smokers. Venousblood sampleswere collectedonadmission
for laboratory analysis. Fasting lipid (triglycerides, low-density
lipoprotein-cholesterol, high-density lipoprotein-cholesterol) and
glucose levels were also measured.
Diagnosis of STEMI
Patients were enrolled in the study if they fulﬁlled the following
criteria: (1) presentedwithin 12hof the onset of symptoms (typical
chest pain lasting for >30min); (2) ST-segment elevation in at least
two contiguous leads with the following cut-off points: ≥0.2mV
in men or ≥0.15mV in women in leads V2–V3 and/or ≥0.1mV in
the other leads; (3) treatmentwith primary PCI (angioplasty and/or
stent deployment) [14]. The ECGs were recorded as previously rec-
ommended [15]. When indicated, right (V3R–V4R) and posterior
(V7–V9) derivations were also obtained.
Deﬁnition of early repolarization
Twelve-lead ECGs obtained during the initial diagnosis were
scanned and stored digitally. For ER determination only the admis-
sion ECG was used and serial ECGs were obtained only for clinical
indications. Two independent investigators who were blinded to
the clinical properties of the patients analyzed ECGs for the pres-
ence of ER. A third reading was performed by a third expert
electrocardiologist in case of discordance. The leads showing the
typical ST segment elevation due to the acute infarction were
excluded and the remaining ECG leads were included in the anal-
ysis. Early repolarization was deﬁned as elevation of the J-point
(QRS–ST Junction) above 0.1mV relative to QRS onset in two or
more inferior leads (DII–DIII-aVF), limb lateral leads (DI-aVL), or
left precordial leads (V4–V6) (Fig. 1). The anterior precordial leads
(V1–V3) were excluded from the analysis of the ER to avoid the
inclusion of patients with right ventricular dysplasia or Brugada
syndrome [16].ECGs showingERpatternwere further searched for thepresence
of QRS slurring or notching. Notching was deﬁned as a positive J
deﬂection at the end of QRS complex. Slurring was classiﬁed as
terminal slower waveform transitioning from QRS J-point to the ST
repolarization pattern in leads DII, DIII, and aVF with horizontal/downsloping ST
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egmentwith upright concavity. Tominimize the baselinewander-
ng effect, J-point amplitude was measured at the J point (QRS–ST
unction) and relative to QRS onset. The amplitude of slurring was
easured at the inﬂection point of the QRS complex relative to QRS
nset. Amplitude of notchingwasmeasured at the peak of the posi-
ive deﬂection relative to QRS onset. Amplitude was calculated as a
ooled mean among all types of ER [1,6,10–12,5]. ST-segment pat-
erns after the J point were also classiﬁed as horizontal/descending
r concave/rapidly ascending due to established criteria by Tikka-
en et al. [17]. QT duration was measured for all patients and
orrected QT was calculated.
ngiographic data
All patients received chewable aspirin (300mg, unless con-
raindicated) and clopidogrel (600mg, loading dose) before a
oronary angiography. In all cases, percutaneous femoral approach
nd nonionic, low-osmolality contrast media were used. The
nfarct-related artery was graded according to the thrombolysis in
yocardial infarction (TIMI) classiﬁcation [10]. Heparin (10,000U)
as administered after coronary anatomy was deﬁned. Coronary
rtery stenosis of more than 50% was considered clinically sig-
iﬁcant. Multivessel disease was deﬁned by a stenosis of more
han 50% in more than one major epicardial coronary artery. Pri-
ary coronary interventions, including balloon angioplasty and/or
tent implantation, were performed only for infarct-related artery
ccording to lesion anatomy. For each procedure, interventional
uccess at the acute phasewas deﬁned as an obstruction and steno-
is of the infarct-related artery having been reduced to less than
0% stenosis with TIMI of 2 or 3 ﬂows after primary PCI. After stent
lacement, clopidogrel was used for more than 1 year and aspirin
as used indeﬁnitely. Left ventricular ejection fraction assessment
as performed by echocardiography during the index hospitaliza-
ion.
eﬁnition of short-term and long-term events
Acute stent thrombosis was deﬁned as an abrupt onset of car-
iac symptoms along with an elevation in levels of biomarkers
r electrocardiographic evidence of myocardial injury after stent
eployment in theﬁrst 24h. Thiswas accompaniedbyangiographic
vidence of a ﬂow-limiting thrombus near a previously placed
tent. Reinfarction was described as a 2-fold increase of serum cre-
tine kinase (CK)-MB enzyme levels and ST segment re-elevations.
arget lesion revascularization (TLR)wasdeﬁnedas vascularization
f the stented segment or within 5-mm margins proximal or distal
o the stent by either repeat PCI or coronary artery bypass grafting.
Follow-up information was obtained through review of hospi-
al records and telephone contact with the patient or the patient’s
elatives. All subsequent hospital admissions (for angina, recur-
ent infarction, additional intervention) during follow-ups were
ecorded. “Deﬁnite” late stent thrombosis was deﬁned as ischemic
linical eventswith angiographically proven stent thrombosis. TLRs
ot related to thrombosis-related events were assumed to be
restenosis-related.” Major adverse cardiac events (MACE) were
eﬁned as cardiovascular mortality, reinfarction and TLR (percu-
aneous or surgical).
tatistical analysis
All data were presented as mean± SD for parametric vari-
bles and as percentages for categorical variables unless stated
therwise. Continuous variables were checked for the normal dis-
ribution assumption using the Kolmogorov–Smirnov statistics.
ifferences between patients and control subjects were evaluated
sing the 2-sample t test and Mann–Whitney U test as appropriate.iology 64 (2014) 164–170
Categorical variables were tested by Pearson’s 2 test and Fisher’s
Exact Test. For clinical outcomes, Kaplan–Meier estimates and
curves were generated, and comparisons were made using log-
rank test. Forward stepwisemultivariate logistic regressionmodels
were created to identify the independent predictors of in-hospital
and long-term adverse events. Variables with a p-value <0.10 in
univariate analysiswere included in themultivariatemodel. All sta-
tistical studies were carried out using Statistical Package for Social
Sciences software (SPSS 16.0 for Windows, SPSS Inc., Chicago, IL,
USA) and a p-value <0.05 was considered statistically signiﬁcant.
Results
A total number of 521 patients with STEMI who were treated
with primary PCI were included in our study. Sixty-one patients
(55 male; mean age 57.6±12.6) whose ECGs were compatible
with ER were compared to 460 patients (378 male; mean age
57.1±12.5) without ER on ECG. Demographic, clinical properties,
and ECG ﬁndings of the study participants are depicted in Table 1.
The two groups were age-gender matched and the frequencies of
cardiovascular risk factors were similar between the groups. In the
ER group, 14 patients (22.9%) had notching, 10 patients (16.4%)
had slurring, and 37 patients (60.7%) had only J-point elevation.
When analyzing regional leads, ER was observed mostly in inferior
leads (n=40, 65.6%) and then left precordial leads (n=10, 16.4%),
and lateral leads (n=11, 18%). In ER patients, ST segments were
horizontal/downsloping type in 41 (67.2%) and upsloping type in
20 (32.8%) subjects. In patients with ER, mean amplitude of J-
point elevation was 1.07±0.25mm and there were 5 patients with
J-point elevation amplitude of ≥2mm. Laboratory variables includ-
ing creatinine, peak-CK-MB, and cholesterol parameters were also
comparablebetween the twogroups. Angiographicﬁndings includ-
ing presence of multivessel disease and post-PCI TIMI 3 ﬂow
restoration rates and left ventricular ejection fraction were not
different between the groups.
In-hospital and long-termclinical outcomes are listed in Table 2.
Sustained ventricular tachycardia or VF occurred more frequently
in the ER group (19.6% vs. 10.9%; p=0.04). Six patients (6.9%)
from the ER group and 14 patients (3%) from the control group
died during the hospitalization period which was signiﬁcantly
higher (p=0.01). Whereas, recurrent MI, TLR, and MACE rates were
similar between the two groups (p=0.92; p=0.65, and p=0.16,
respectively). In subgroup analysis, the incidence of in-hospital
ventricular tachyarrhythmiaswas signiﬁcantly higher in the notch-
ing subgroup (6/14 subjects; 42.8%) compared to slurring (1/10
subjects; 10%) and only J-point elevation (5/37 subjects; 13.5%)
subgroups (p=0.04). The incidence of in-hospital mortality was
21.4% (3/14 subjects) among patients with notching pattern and
8.1% (3/37 subjects) among patients with only J-point elevation.
No patient with slurring pattern died during the hospitaliza-
tion period (p=0.20). The incidence of in-hospital ventricular
tachyarrhythmias and mortality did not differ signiﬁcantly in hori-
zontal/downsloping andupsloping ST segment subgroups (p=0.52,
p=0.18, respectively).
The mean follow-up period of the participants was 21.1±10.2
months. During this period, 15 MACE (27.3%) occurred in the ER
group and 70 MACE (15.7%) occurred in the control group which
was signiﬁcantlyhigher (p=0.05). Thedifferencewasmainlydriven
by the high mortality and TLR rates in the ER group compared to
the controls (12.7% vs. 4.2%; p=0.01 and 23.6% vs. 10.8%; p=0.02,
respectively). The frequency of recurrent MI was not statistically
different between the groups (p=0.16). In cox-regression analy-
sis, presence of ER on ECG resulted in increased rate of mortality
and MACE during the follow-up period (Log Rank p=0.01 and 0.01,
respectively) (Figs. 2 and 3).
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Table 1
Demographic, angiographic, and laboratory ﬁndings in study groups.
Variables Early repolarization group (n=61) Control group (n=460) p
Age (years) 57.6±12.6 57.1±12.5 0.75
Male, n (%) 55 (90) 378 (82.2) 0.12
Hypertension, n (%) 28 (45.9) 189 (41) 0.48
Diabetes mellitus, n (%) 9 (14.7) 86 (18.7) 0.45
Hyperlipidemia, n (%) 6 (9.8) 69 (15) 0.28
Smoking, n (%) 45 (73.7) 315 (68.5) 0.40
Systolic blood pressure on admission (mmHg) 123.5±24.1 121.1±21.1 0.41
Killip class >1, n (%) 7 (11.5) 92 (20) 0.12
Door-to-balloon times (min) 31.6±9.1 31.2±9.8 0.77
Left ventricular ejection fraction (%) 44.3±8.3 45.9±9.1 0.21
Anterior myocardial infarction, n (%) 37 (60.6) 232 (50.4) 0.14
Electrocardiographic characteristics
Heart rate (beats/min) 76±16 79±18 0.29
QRS duration (ms) 98.8±19.9 94.9±17.8 0.11
Corrected QT interval (ms) 395±40 385±44 0.10
Slurring, n (%) 10 (16.4) –
Notching, n (%) 14 (22.9) –
Only J-point elevation, n (%) 37 (60.7) –
Early repolarization with upsloping ST 20 (32.8) –
Early repolarization with horizontal/downsloping ST 41 (67.2) –
Angiographic ﬁndings
Post-PCI TIMI 3 ﬂow, n (%) 48 (78.7) 401(87.2) 0.08
Tiroﬁban infusion, n (%) 29 (47.5) 162 (35.2) 0.17
Multivessel disease, n (%) 31 (50.8) 209(45.4) 0.43
Laboratory ﬁndings
Hemoglobin (g/dL) 13.8±1.6 13.9±1.7 0.61
Glucose (mg/dL) 109.2±41.5 104±52.8 0.21
Creatinine (mg/dL) 0.93±0.27 0.94±0.41 0.95
Peak creatine kinase-MB (U/L) 147 (195) 129 (159) 0.28
Triglycerides (mg/dL) 110 (98) 138 (90) 0.19
Total cholesterol (mg/dL) 181.7±45.2 188.3±4.7 0.26
Low-density lipoprotein cholesterol (mg/dL) 115.6±38.5 119.8±38.5 0.44
High-density lipoprotein cholesterol (mg/dL) 38.1±10.6 37.5±11.5 0.95
Parametric variables are reported as mean± SD or median (interquartile range); categorical variables are reported in number (percentage).
PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction.
Table 2
Comparison of incidence of adverse cardiovascular events at 30 days and on follow-up.
Early repolarization group
(n=61)
Control group (n=460) p
In-hospital clinical outcome
Recurrent myocardial infarction, n (%) 3 (4.9) 24 (5.2) 0.92
Target lesion revascularization, n (%) 2 (3.2) 21 (4.5) 0.65
Ventricular tachycardia/ﬁbrillation, n (%) 12 (19.6) 50 (10.9) 0.04
Death, n (%) 6 (9.8) 14 (3) 0.01
Major adverse cardiac events, n (%) 7 (11.5) 30 (6.5) 0.16
Early repolarization group
(n=55)
Control group (n=446) p
Clinical outcomes on follow-up
Recurrent myocardial infarction, n (%) 12 (21.8) 60 (13.4) 0.16
Target lesion revascularization, n (%) 13 (23.6) 48 (10.8) 0.02
Death, n (%) 7 (12.7) 19 (4.2) 0.01
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(Major adverse cardiac events, n (%) 15 (27.3)
eath, recurrent myocardial infarction, and target lesion revascularization were acc
In total, 13 out of 61 patients in the ER group (21.3%) and
3 out of 460 patients (7.2%) without ER died during the study
eriod (p=0.01). In subgroup analysis, mortality rate was highest
n patientswho had notching pattern on ECG (5/14 subjects; 35.7%)
hen compared to patients with slurring (3/10 subjects; 30%) and
atients with only J-point elevation patterns (5/37subjects; 13.5%)
p=0.17). When regional distribution of the ER pattern on ECG was
onsidered, the total mortality rate was similar between inferior
ead ER (6/40 subjects; 15%) and non-inferior lead ER subgroups
7/21 subjects; 33.3%) (p=0.11). The total mortality rate was sim-
lar in patients with horizontal/downsloping ST segments (9/41
ubjects; 21.9%) and upsloping ST segments (4/20 subjects; 20%)
p=0.85).70 (15.7) 0.05
as major adverse cardiac events.
Table 3 lists the results of univariate and multivariate logistic
regression analysis for the predictors of total mortality in the study
group. In univariate analysis, age, gender, Killip class >1 on admis-
sion, door-to-balloon time, post-PCI TIMI ﬂow <3, left ventricular
ejection fraction, admission creatinine levels, peak CK-MB level,
and presence of ER on ECG were associated with total mortality. In
multivariate analysis, presence of ER on ECG remained an indepen-
dent predictor of mortality (OR: 5.14 95% CI: 2.06–12.89; p=0.01)
besides, age, gender, Killip class >1, post-PCI TIMI ﬂow <3, left ven-
tricular ejection fraction, and admission creatinine level (p≤0.05
for each parameter). Presence of notching or slurring was found
to be independent predictors of long-term mortality when sub-
jects without ER served as the reference group. However, presence
168 K.S. Özcan et al. / Journal of Card
Fig. 2. Kaplan–Meier event-free survival curve for death in early repolarization and
control groups.
Fig. 3. Kaplan–Meier event-free survival curve for major adverse cardiovascular
events in early repolarization and control groups.
Table 3
Univariate and multivariate analysis for the predictors of total mortality in the study pop
Univariate analysis
OR (95% CI)
Age 1.06 (1.04–1.09)
Male gender 0.33 (0.17–0.66)
Smoking 0.80 (0.33–1.56)
Hypertension 1.54 (0.86–2.21)
Diabetes mellitus 1.66 (0.82–3.35)
Hyperlipidemia 1.15 (0.32–1.39)
Door-to-balloon time 1.03 (1.003–1.058)
Killip class >1 5.12 (2.68–9.35)
Multivessel disease 1.58 (0.86–2.92)
Post-PCI TIMI ﬂow <3 6.25 (3.22–11.22)
Tiroﬁban infusion 0.75 (0.32–1.55)
Left ventricular ejection fraction 0.91 (0.88–0.95)
Glucose levels 1.001 (0.98–1.003)
Creatinine levels 4.11 (2.21–7.61)
Peak creatine kinase-MB 1.003 (1.002–1.005)
Presence of ER on ECGb 3.51 (1.72–7.1)
Only J-point elevationb 1.05 (0.66–1.67)
Presence of notchingb 6.31 (2.02–19.8)
Presence of slurringb 4.66 (1.16–18.9)
J-Point elevation ≥2mmc 6.9 (1.05–45.8)
ER in inferior leadsc 0.36 (0.12–1.25)
PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction; ER
a Model adjusted for age, gender, door-balloon time, Killip class >1, post-PCI TIMI ﬂow
used in multivariate analysis.
b Patients without ER pattern on ECG served as the reference.
c These analyses included only the subjects with ER (n=61) and the remainder of the siology 64 (2014) 164–170
of only J-point elevation was not correlated with increased risk of
mortality in univariate andmultivariate analyses.When subgroups
of ER are analyzed separately in univariate logistic regression anal-
ysis, presenceof notching (OR: 3.5595%CI 0.84–15.05;p=0.08) and
slurring (OR: 2.73 95% CI 0.52–14.02; p=0.23) were not predictors
of long-term mortality compared to subjects with only J-point ele-
vation. The regional distribution of the ER pattern on the ECG did
not predict mortality, neither.
Discussion
Themain ﬁnding of our studywas that presence of ER on admis-
sion ECGwas associatedwith higher rates of in-hospital ventricular
arrhythmias and mortality and was an independent predictor of
long-term mortality beyond well-known other parameters. Pres-
ence of notching of slurring pattern was correlated with long-term
mortality in multivariate analysis, however, presence of only J-
point elevation was not.
Presence of ER on ECG has been associated with ventricu-
lar arrhythmias in population-based studies [1–7]. Ventricular
arrhythmias are the main cause of mortality in patients with STEMI
and CAD [9]. Although, presence of ER has been shown to be related
with arrhythmogenicity, the prognostic importance of this ECG
ﬁnding in patients with STEMI has not been well elucidated. Few
trials investigated the prognostic value of ER pattern in patients
with CAD and STEMI [8,10–13].
Patel et al. conducted a case–control study including 50 patients
with STEMI complicated by ventricular arrhythmias within 72h of
hospitalization. They have analyzed the ECGs obtained an average
of 1 year before STEMI and have found that presence of ER pattern
(notching or J-point elevation) on the initial ECG was associated
with ventricular arrhythmias after MI [11]. In another report, the
same group found that the presence of notching pattern on ECG
was associated with higher rates of ventricular tachyarrhythmias
in patientswith stable CAD (60 case and 60 control subjects) during
a follow-up period of about 1.75 years [8].
Naruse et al. retrospectively included 220 consecutive patients
with STEMI in whom the 12-lead ECGs before MI onset could be
ulation.
Multivariate analysisa
p OR (95% CI) p
0.01 1.04 (1.01–1.08) 0.01
0.01 0.28 (0.15–0.58) 0.01
0.31 – –
0.19 – –
0.16 – –
0.48 – –
0.03 1.03(0.99–1.07) 0.06
0.01 3.58 (1.61–7.92) 0.01
0.14 – –
0.01 3.18 (1.43–7.09) 0.01
0.17 – –
0.01 0.95 (0.91–0.98) 0.01
0.22 – –
0.01 2.01 (0.98–4.05) 0.05
0.01 1.002 (1.00–1.004) 0.07
0.01 5.14 (2.06–12.89) 0.01
0.83 1.73 (0.53–5.71) 0.37
0.01 12.2 (3.17–46.8) 0.01
0.03 10.9 (1.85–65.6) 0.01
0.05 9.14 (0.38–126.9) 0.18
0.11 0.44 (0.15–2.64) 0.36
, early repolarization; ECG, electrocardiogram.
<3, left ventricular ejection fraction, creatinine levels, peak creatine kinase-MB was
ubgroup served as the reference.
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valuated. The patients were classiﬁed on the basis of VF occur-
ence within 48h after MI onset. In multivariate analysis presence
f ER on ECG was found to be a predictor for VF. As features of
he ER pattern, a J-point elevation in the inferior leads, greater
agnitudeof the J-point elevationandnotchingpatternwere found
o be predictors of VF [10].
Rudic et al. investigated 30 patients who developed VF in the
arly hours of STEMI and compared their ECGs obtained on the 5th
ay of MI with control subjects who had STEMI but no ventricular
rrhythmias. Similar to our results they have found that ER and
otching pattern was more common in the VF group and they did
ot ﬁnd a statistical difference between regional leads regarding
n-hospital events [12].
However, most of these studies investigated only in-hospital
vents and selected cases developing ventricular arrhythmias after
I. In this prospective study, we included consecutive patients
nd in a blinded manner investigated the correlation between
dmission ECG properties with in-hospital and long-term (mean
ime 21.1±10.2 months) cardiovascular events. Our results con-
rm the previously established correlation of ER with in-hospital
vents and extend this ﬁnding to the long-term events after
TEMI.
Consistent with the literature, in our study, ER pattern was
ostly observed in the inferior leads. However, correlation with
ong-term mortality was not different among the regional leads
hich show ER pattern. In univariate analysis J point elevation
ore than 2mm was associated with long-term mortality but not
n multivariate analysis. Moreover, the number of subjects with J-
oint elevation >2mm was low. In-hospital mortality was higher
n patients with ER and in concordance with previous reports was
ighest among patients with notching or slurring pattern on the
CG. However, in subgroup analysis, presence of notching or slur-
ingpatternwasnot correlatedwith long-termmortality compared
o subjects with only J-point elevation. A larger sample size could
ave led to a signiﬁcant difference in subgroup analysis of ER sub-
ects.
Different from other studies conducted on STEMI patients, we
ave only evaluated admission ECGs of patients. In Naruse et al.’s
tudy they have found that patients who had ER in the baseline
2-lead ECG recording before the STEMI, ER was still observed in
he admission 12-lead ECG in 56% of patients [10]. However, no
atients who had no ER in the baseline 12-lead ECG before the
TEMI patients developed any ER in the 12-lead ECG on admission.
e did not analyze previous ECG recordings thus we might have
nderestimated the true incidence of ER in patients with STEMI.
ikkanen et al. analyzed ER from 432 victims of SCD because of
cute coronary syndrome and compared 532 survivors of acute
oronary syndrome, in whom 12-lead ECGs recorded before and
nrelated to the event could be evaluated [13]. Early repolarization
attern was found to be associated with SCD during an acute coro-
ary syndrome. Similar to our ﬁndings they observed that slurring
attern was associated with mortality.
It has been postulated that ER on ECG is a sign of the trans-
ural electrical heterogeneity between depolarized endocardium
nd repolarized epicardium. This heterogeneity may result in
ispersion of repolarization, formation of re-entry circuits, and
rrhythmias [11,17–19]. Predisposing factors such as myocardial
schemia may induce ventricular arrhythmias and subjects with
epolarizationabnormalitiesmaybeaffectedworse in this situation
1–13].
Tikkanenet al. haveanalyzed the survival curvesofpatientswith
R pattern on ECG and they have found that survival curves diverge
t sixth decade and they concluded ER itself does not seem to
ause ventricular rhythm disturbances, it may increase the vulner-
bility to fatal arrhythmias in the setting of myocardial infarction
1,12,20].
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In conclusion, presence of ER pattern (especially notching and
slurring patterns) on admission ECG in patients with STEMI is asso-
ciatedwith both in-hospital and long-termmortality. ERwhich can
be easily detected on admission ECGs of patients with STEMI may
identify patients at high risk for short- and long-term mortality. In
particular, much attention should be paid to the patients with ER.
Further prospective larger scale trials are needed to explore and
conﬁrm this ﬁnding.
Limitations of our study
There are several limitations to our study. This is a small-sized
study covering both short- and long-term results. In most patients,
ECGs before STEMI were not available and we could not assess the
presence of ER before STEMI. This may have resulted in underes-
timation of the true prevalence of ER in our cohort. On the other
hand, because the deﬁnition of ER using the existing criteria of J-
point elevation, notching, or slurring, it is also possible that we
overestimated the true incidence of ER [8]. Even though, we found
that long-termTLR ratewas higher in patientswith ER, our ﬁndings
do not implicate a casual relation between ECG ﬁndings and higher
incidence of TLR.
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